Objective: Laparoscopic approach should be offered for most patients requiring colectomy, as it is a safe procedure, associated with shorter hospitalization, better cosmetic results, and does not affect negatively the oncological outcomes of patients with colon cancer.
Introduction
Videolaparoscopy is one of the latest advancements in coloproctology. This approach results in improved respiratory performance, pain control, shorter hospital stay, and better cosmetic results. 1,2 Additionally, studies show that videolaparoscopy applies not only to the treatment of benign diseases, but also to colon cancer. 3, 4 Despite all the advantages of laparoscopy, it is estimated that this approach was used only in half of the oncologic colectomy performed in the United States (U.S.) between 2008-2009. 5 Brazilian data are scarce, but it is unlikely that our reality is better than that of the U.S. 6 In order to improve this situation, laparoscopic training during residency in coloproctology becomes critical. However, there are insuffi cient data on the effects of resident participation in laparoscopic colectomy regarding postoperative complications.
Thus, the aim of this study was to determine whether resident participation in videolaparoscopic colectomy is associated with higher rates of postoperative complications.
Methods
To meet the objective of this study, we used the database of the American College of Surgeons -National Surgical Quality Improvement Program (ACS-NSQIP).
This database was originally created in the 1980s as a response of the U.S. Congress to the frequent complaints of surgical care poor quality in the Department of Veterans Affairs (VA). Therefore, the Congress established that a mechanism for measuring the quality of surgical treatment in the VA Hospitals should be created, so that the treatment provided at these centers could be compared to the private sector. Due to the success of the program in the VA centers, it was later adopted by the American College of Surgeons and the private sector. Currently, more than 40 U.S. hospitals contribute to this database through a systematic and standardized collection of preoperative, intraoperative, and postoperative complication variables (within 30 days). [7] [8] [9] [10] [11] [12] [13] The search for laparoscopic colectomy in the ACS-NSQ-IP database was conducted between the years 2005 and 2007. Surgeries were identifi ed by procedure codes (Current Procedural Terminology) numbers 2204 and 2205, as shown in Table 1 . The initial population was divided into two groups (resident and nonresident), according to resident participation or not in laparoscopic colectomy. Patients without information regarding resident participation were excluded from this study.
Preoperative, perioperative, and postoperative variables were compared between groups. Potential associations between resident participation in the procedure and postoperative complications were also evaluated.
To assess whether the resident's training time infl uenced the surgical time, length of stay, and postoperative complication rates, the resident group was subdivided into three subgroups according to the years of training: R1-2 (up to 2 years of training) R3-4 (three to four years), > R4 (over four years). Perioperative variables and postoperative complications were compared between subgroups of residents.
Statistical analysis
Parametric continuous variables were summarized as mean and standard deviation and compared using Student's t test. Non-parametric continuous variables were summarized as median and interquartile range (IQR) and compared with the Wilcoxon Rank Sum test. Nominal variables were represented as absolute numbers and percentages and compared with chi-square and Fisher's exact tests.
Associations between the resident presence during surgery and intraoperative and postoperative variables were evaluated by multivariate analysis.
All statistical tests were two-tailed and α = 0.05 was used. A p value < 0.05 was considered statistically signifi cant.
Results
The database search initially yielded 6,040 patients. Information regarding the presence or absence of residents during surgery was not available for 128 patients (2%). Thus, 5,912 patients constituted the study population, with 1,810 undergoing right colectomy (31%) and 4.102 undergoing left colectomy (69%). Residents participated in 3,887 operations (66%). Table 2 shows the demographic data. There were 2,800 men (47%) and 3,112 women (53%). Median age and body mass index (BMI) were 63 years (IQR 53-74) and 27 kg/m 2 (IQR 24-31), respectively. Furthermore, the proportion of obese (BMI ≥ 30 kg/m 2 ) was signifi cantly higher in the nonresident group (699 patients [35%]) than in the resident group (1,220 patients [32%]), p = 0.04.
Demographics

Preoperative characteristics
Preoperative characteristics are shown in Table 3 . Both groups did not differ on most characteristics; however, the resident group had a higher proportion of patients who used corticosteroids for more than 30 days and lower preoperative serum albumin, both statistically signifi cant. Despite this statistical signifi cance, a more detailed analysis of the absolute numbers reveals that this certainly does not translate into clinical signifi cance.
One of the great innovations of the ACS-NSQIP is the probability of morbidity and mortality calculation. This calculation takes into account several aspects, such as extent of surgery and preoperative comorbidities. In this study, the probability of morbidity and mortality was similar between both groups (resident and nonresident).
Diagnosis
Regarding diagnosis, the distribution was signifi cantly different between the two groups. Colectomy for treatment of cancer and infl ammatory bowel disease were signifi cantly more common in the resident group, while the nonresident group had signifi cantly more patients undergoing surgery for diverticular disease (Table 4) . Table 5 shows the intraoperative variables. There was no difference regarding the American Society of Anesthesiology classifi cation. However, the proportion of patients with in- fected wounds and the median operative time were higher in the resident group.
Intraoperative characteristics
Length of hospital stay and postoperative complications
Patients in resident group had a signifi cantly longer hospital stay (5 days IGR 3-7) than patients in nonresident group (4 days 3-6), p = 0.006. Moreover, the occurrence of wound infection was signifi cantly higher in the resident group (275 patients [7%]) than in nonresident group (107 patients [5%]), p = 0.008. Other postoperative complications did not differ significantly between groups (Table 6 ).
Years of training vs complications
There was no difference between operation and hospitalization times, as well as with most of the postoperative complications between the R1-2, R3-4, and > R4 sub-groups (Table 7) . However, the difference between abdominal abscess rates in group R3-4 was statistically higher, although the absolute differences are of doubtful clinical signifi cance (1.2% for R3-4 vs > R4 and 2.2% for R3-4 vs R1-2), (Fig. 1) .
Multivariate analysis
To better evaluate the possible association between resident participation and higher rates of wound infection, longer operative time, and hospitalization, three multivariate analyzes were performed using each of these factors as dependent variables. The probabilities of morbidity and mortality were used as independent variables, in addition to perioperative variables that were signifi cantly different between the resident and nonresident groups (percentage of obesity, steroid use, serum albumin, and diagnosis).
To design the statistical model, continuous variables were dichotomized. The variable albumin was dichotomized into < 4 mg/dL vs ≥ 4 mg/dL, as 4 mg/dL is the reference value for normal serum albumin. The median value of the probability of morbidity and mortality was used (13.3% and 0.4%, respectively).
Resident participation during surgery was signifi cantly associated with longer operative time. However, no association between the resident group and higher rates of wound infection and prolonged hospitalization could be established (Table 8 ).
Discussion
Our study showed that resident participation in video laparoscopic colectomy is not associated with increased rates of Additionally, we have demonstrated that the postoperative complication rates did not vary greatly according to the resident involved training time. This is probably due to the staff surgeon who limits the participation of each resident according to the skills previously acquired.
The use of laparoscopy in coloproctology has been consistently established as the ideal surgical approach for a variety of diseases. 3, [14] [15] [16] [17] [18] However, most colectomy is still performed by open surgery. 5, 19 To revert this scenario, training in laparoscopy during colorectal residency is critical. The American Society of Colon and Rectal Surgeons (ASCRS) requirement for residency programs in coloproctology is that a resident should be involved in at least 50 colorectal resections during his training. Moreover, the ASCRS has consistently encouraged the dissemination and training in videolaparoscopy. Such actions have proven effective, as the use of laparoscopy for oncological colectomy in the U.S. has increased in recent years from 10%-15% 19 to 50%. 5 To encourage training in laparoscopic colorectal surgery in our country, the Braziliam Society of Coloproctology began requiring in 2012 the participation in at least 15 videolaparoscopic colectomis and a theoretical-practical course with a minimum of 15 hours of duration as a prerequisite for the specialist title examination. Such actions are a breakthrough in the development of the colorectal laparoscopic surgery in Brazil, and it is likely that in a few years, similar to what happened in the U.S., the percentage of laparoscopic colectomy performed in our country also increases.
Given the current efforts to expand the use of colorectal laparoscopy, proper training becomes crucial. However, although there are several studies with data on laparoscopic colectomy learning curves, [20] [21] [22] [23] [24] [25] [26] literature reporting the effects of laparoscopic training on postoperative complication rates is still scarce. More specifi cally, according to our literature review, this is the fi rst study to demonstrate consistently that laparoscopic training is safe.
Our study has the typical limitations of a retrospective study. In our study, we chose to use the ACS-NSQIP database. Thus, one could argue that the availability of laparoscopic instruments more appropriate in some U.S. hospitals compared to Brazilian hospitals would limit the applicability of our results to the reality of our country. However, we believe that these potential differences in the material used would not be suffi ciently important to infl uence the operative results, a fact corroborated by the existing similarity between the postoperative results of the Brazilian and American studies.
1, 2, 6, [27] [28] [29] Moreover, using the ACS-NSQIP database, we had a large sample of patients from various U.S. services, many of them similar to the Brazilian reality, which gives our study the ability to identify or exclude possible, discrete but important, associations between resident participation in laparoscopic colectomy and postoperative morbidity, which would not be evident in smaller samples.
However, the same large sample of patients helping to detect more subtle associations may also be responsible for generating statistically signifi cant but not necessarily clinically signifi cant differences, such as abdominal abscess rates among the R1-2, R3-4, and > R4 groups. Unfortunately, it was not possible to analyze data on conversion rates to open colectomy, ureteral injury, enterotomies, and anastomotic fi stula, as this information is not collected in the ACS-NSQIP database. 7 However, we tried to overcome these limitations by analyzing the rates of abdominal abscess and reoperation, as anastomotic fi stulas with more prevalent symptoms and visceral lesions of greater morbidity generally evolve with abdominal abscesses or require early reoperations.
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Conclusion
Despite the aforementioned limitations, we conclude that laparoscopic training during residency may be performed safely without endangering the operated patient's integrity.
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